The utility of diphenyl phosphoryl azide (DPPA) as azido transfer reagent for the insertion of urea moiety between β/γ carboxyl group of N α -Fmoc-Asp/Glu-5-oxazolidinones and glycosyl amine has been demonstrated. Utility of this protocol for the synthesis of urea-linked neoglycopeptides has also been explored. The compounds are characterised by 1 H NMR, 13 C NMR and mass spectroscopy.
Glycopeptides are a rapidly growing family of biologically important molecules. They contain covalently bound peptide and carbohydrate segments. Attachment of the carbohydrate often modifies the structure and function of the peptide/protein. Carbohydrates, which are exposed on the surface of protein, serve as domains for cell-molecule and cell-cell attachment. Interactions between the membrane bound glycoconjugate glycans and the carbohydrate binding proteins are important in mediating cellular processes such as cell growth regulation, cell-cell recognition, adhesion, cancer cell metastasis and parasitical infections 1, 2 . Recent years have witnessed tremendous development in glycopeptide synthesis as these molecules are not easily available through gene technology since they are post-translational products resulting from the activity of glycosyl hydrolases and transferases [3] [4] [5] . Consequently, the availability of glycopeptide samples for several studies on structural 3, [6] [7] [8] as well as function aspectes 9, 10 is largely met with chemical synthesis [11] [12] [13] [14] [15] . In glycoproteins, carbohydrates are attached through the oxygen in the side chain of serine/threonine in O-linked glycolproteins or thorough the carboxamide nitrogen of aspargine in case of N-linked glycoproteins 15, 16 . Synthetic glycopeptides that contain a non-native linkage between the saccharide and peptide moieties are called as neoglycopeptides 17 . These glycopeptidomimetics are potentially useful because they emulate the function of natural compounds and possess enhanced in vivo stability and bioavailability.
There is a growing interest in the changes in the glycopeptide properties brought about by the introduction of non-native linkages like retro amide subunits 18 , carbamate and ureido bonds 19 . It has been shown that the glycopeptidyl ureas are more water soluble than the natural glycopeptides and hence they acquire wide utility in various biological functions. Urea moiety acts as a structural element in enzyme inhibitors and in developing potent analogues of a peptide based drugs.
Reported procedures for the synthesis of the urea tethered glycosylated amino acids/peptides employ the use of sugar isocyanates obtained from sugar-1-acid or sugar-1-amine as building blocks. Ichikawa et al. 20 , have used a multi-step protocol to prepare sugar-1-isocyanate starting from sugar amine and have coupled the former with various α,β-diamino acid derivatives. The disadvantages in this method include a) too many synthetic steps and b) difficult separation of anomeric isomers of sugar isocyanates. Alternatively, Ikegami et al. 21 , reported an one pot conversion of sugar-1-acid into the corresponding isocyanate employing diphenyl phosphoryl azide (DPPA) and have coupled the isocyanates with amino acid ester to obtain the desired glycpeptidyl ureas. Again, the preparation of sugar-1-acid is a multi-step route by itself. Therefore, an alternate route of generating the isocyanate from the side chain carboxyl group of protected aspartic acid/glutamic acid is envisaged and coupled it with a sugar amine. This circumvents the cumbersome preparation of sugar isocyanate and allows for easily accessible carbohydrate and amino acid derivatives as the components of coupling reaction. Further, 5-oxazolidinones derived from Fmoc-Asp/Glu 22 was chosen as the bidentately and internally protected intermediates (with α-COOH protected) for the selective conversion of side chain -COOH group into isocyanates because these oxazolidinones can be prepared in a single high yielding step, are stable and do not cyclize into internal ureas upon conversion of the ω-COOH into isocyanate.
In organic synthetic reactions, diphenyl phosphoryl azide (DPPA) is used as an efficient azido transfer reagent for the preparation of peptidyl ureas. Recently DPPA mediated single-pot synthesis of α-peptidyl ureas via the modified Curtius rearrangement 23 is reported. In this report an useful application of DPPA for the synthesis of the urea linked glycosylated amino acids is reported. The use of DPPA is advantageous over earlier reports as it does not require preactivation of the carboxy group before reaction with azide donors and also avoids a sequence of multi-step syntheses viz., the formation of acid azide, its rearrangement into isocyante and coupling with a nucelophile can be operated in a single pot. The overall strategy for the reaction is given below (Scheme I).
Results and Discussion
N α -Fmoc protected Asp/Glu was converted to N α -Fmoc-Asp/Glu-5-oxazolidinone (Scheme II) by subjecting the mixture of N α -Fmoc-Asp/Glu with paraformaldehyde and catalytic amount of p-toluene sulfonic acid in toluene to microwave irradiation for 4-6 min. The desired 5-oxazolidinones were obtained in 95% yield after purified through column chromatography (silica gel 100-200 mesh using chloroform:methanol v/v).
The required o-protected glycosyl amine (Scheme III) component was prepared by the known literature procedures. The hydroxyl groups were protected as their acetates or benzoates. The α-anomeric acetate or benzoate was converted to the bromo intermediate using HBr/AcOH in dry CH 2 Cl 2 at RT which was then treated with NaN 3 in DMF under sonication in 30 min to obtain the 1-α-azido tetraacetyl/benzoyl sugar in quantitative yield. Catalytic hydrogenation of the azide using Pd-C/H 2 in MeOH yielded 1-β-amino- (ii). NaN 3 / DMF )))))
Scheme III ─ Synthesis of Glycosyl amine component tetra acetyl/benzoyl sugar which was used directly without purification. N α -Fmoc-Asp/Glu-5-oxazolidinone 1, diisopropyl ethylamine and DPPA were stirred in THF at 0º C and the reaction was monitored through TLC as well as IR. Upon complete formation of the acid azide that takes about 20 min, glycosyl amine 2 in THF was added and the reaction-mixture was subjected to sonication for 30 min. During the reaction, DPPA acts as carbonyl activating and azido transfer reagent, which brings about conversion of the acid to the acid azide. Rearrangement of the latter into the isocyanate with concomitant coupling of the glycosyl amine produces the ureido linked glycosyl oxazolidinone. The glycosylated oxazolidinones 3 were isolated in >80% yield and were characterized through mass and NMR spectroscopy. The reaction was also performed with the amine derived from o-protected disaccharide, and the corresponding ureido oxazolidinone was obtained in >70% yield ( Table I ). The cleavage of the oxazolidinone ring to regenerate the 1-acid group was demonstrated with all the 10 examples. Treatment of glycosylated oxazolidinone with 1N LiOH in THF for 20 min gave the desired glycosylated amino acid in Table II ). The resulting glycosylated amino acids were coupled to amino acid esters employing DCC-HOBt as coupling agent. All the glycopeptides could be obtained in quantitative yields (Scheme V, Table III ).
Conclusion
The synthesis of urea linked glycosylated amino acids mediated by DPPA has several advantages over the Curtius or Schmidt protocols. In this protocol, the handling and work-up procedure of the hazardous 5a: n = 1 R 1 = CH(CH 3 ) 2 ; 5b: n = 1, R 1 = CH 3 ; 5c: n = 1, R 1 = CH 3 ; 5d: n = 2, R 1 = CH(CH 3 ) 2 ; 5e: n = 2 R 1 = CH 3 ; 5f: n = 2, R 1 = CH 3 : R = Ac or Bz.
Scheme V ─ Synthesis of neoglycopeptides using ureido linked glycosylated amino acids: (i) reagent 4, DCC, HOBt, amino acid ester, N-methylmorpholine, DCM spectrometer. Unless or otherwise mentioned, all amino acids used, have L-configuration. TLC analysis was carried out using the precoated silica gel GF 254 plates.
General procedure for the synthesis of N α -FmocAsp/Glu-oxazolidinones, 1 N α -Fmoc-Asp/Glu-oxazolidinones were prepared by exposing the slurry of the reactants p-toluene To a solution of N α -Fmoc-Asp/Glu-oxazolidinone (10 mmole) in dry THF (20 mL), DPPA (10 mmole) and DIEA (10 mmole) were added consecutively at 0ºC and the reaction-mixture was stirred at the same temperature for 20 min. To this was added glycosyl amine (1.1 mmole) in THF and the reaction-mixture was subjected to sonication for 30 min/ till the completion as monitored by TLC. The precipitated crude ureido analogues were isolated by filtration and recrystallization using DMSO:water (8:2 v/v).
General procedure for the synthesis of ureidolinked amino acids, 4
1N Solution of LiOH (1 mmole) was added in one portion to a solution of side chain ureido linked glycopeptidyl N α -Fmoc-Asp/Glu-oxazolidinone (1 mmole) in THF (10 mL) and stirred for an hr. The resulting solution was acidified with 6% HCl (10 mL) and extracted with EtOAc (2 × 10 mL). The combined organic extract was washed with brine and dried over anhyd. sodium sulphate. The solvent was removed in vacuo to leave the crude product as a colourless solid which was column purified (CHCl 3 :MeOH:AcOH; 40:2:1 v/v).
General procedure for the synthesis of ureido linked glycopeptides, 5
To an ice-cold solution of ureido linked glycosylated amino acid (10 mmole) in THF (10 mL), NMM (11 mmole), amino free amino acid ester (11 mmole), HOBt (12 mmole) were added successively followed by DCC (12 mmole) and the reactionmixture was allowed to stir at RT for 5-6 hr until completion (as moniterd by TLC). The DCU was filtered and the solvent was removed in vacuo. The reaction-mixture was taken into ethyl acetate. The organic layer was washed with 10% HCl (10 mL × 2), 5% Na 2 CO 3 (10 mL × 2), brine solution (10 mL × 1) and dried over anhyd. sodium sulphate. Finally the solvent was removed under reduced pressure to afford the crude product, which was purified using column chromatography (EtOAc: hexane). 
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